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(54) Wear resistant copper or copper base alloy, method of preparing the same and electrical part 
using the same 

(57) Wear resistant copper or a wear resistant cop- 
per base alloy having fornned on the outermost surface 
thereof an oxide layer having a thickness of I0-1000nm 
and a layer of an intermetallic compound primarily com- 
prising Cu-Sn having athicknessof 0.1-1 0|^m under the 
oxide film layer is provided; a method of preparing the 
above-described wear resistant copper or copper base 

alloy by coating base material copper or a copper base ^ 
alloy with Sn. preferably performing reflow treatment 
and then conducting heat treatment is provided; and an 
electrical part comprising the above-described wear 
resistant copper or copper base alloy is provided. A ter- 
minal made of the alloy according to the present inven- 
tion which has an appropriate oxide film layer by 
performing heat treatment can greatly decrease a termi- 
nal-insertion force compared with that made of an ordi- 
nary copper base alloy which is not subjected to the 
heat treatment. The wear resistant copper or copper 
base alloy according to the present invention has a 
large surface hardness, an excellent slipping property, 
small contact resistance, an excellent electrical charac- 
teristic, as well as the small terminal -insertion force so 
that it can advantageously be used in an electrical part 
such as a connector or the like for use in an automobile, 
a charging socket or the like for use in an electric auto- 
mobile. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001 ] The present invention relates to wear resistant copper or copper base alloys, a method of preparing the wear 
resistant copper or copper base alloys and electrical parts using the wear resistant copper or copper base alloys. Par- 
ticularly, the present invention relates to a copper base alloy having a surface which requires reduced friction or a 
reduced friction coefficient at the time of insertion/extraction like that of a multiple-pin connector used in electrical wiring 
or the like, for example, in an automotive vehicle, a surface which undergoes many times of insertion/extraction like that, 

w for example, of a charging socket used in an electric automobile, a surface which requires wear resistance like that of 
a brush of a motor that is in contact with a rotor or a surface which requires wear resistance/corrosion resistance like 
that of a terminal of a battery, a method of preparation thereof and an electrical part using the copper base alloy. 
[0002] By virtue of the recent electronic development, electrical wiring of various kinds of machines has become 
complicated and highly integrated and, along with this development, the connector has come to have multiple pins 

15 therein. A conventional Sn-plated connector has high frictional resistance at the time of insertion and extraction to give 
rise to a problem that it becomes difficult for the connector to be inserted. 

[0003] Since an electric automobile of today requires to be recharged more than once a day. it is necessary for a 
socket component for use in charging to secure wear resistance. Moreover, an electric current with more than 10A 
(amperes) flows through the components to generate heat; therefore, there has been a problem tha) a conventional 

20 method of Sn-plating or the like causes separation and so forth of a plating layer prepared by the method. 

[0004] For the purpose of reducing insertion force of a Sn-plated terminal having multiple pins or of securing wear 
resistance or adhesion of an electrical part such as the above-described charging socket, there has been proposed until 
now a plan for enhancing an apparent hardness by first applying a hard nickel-plating or the like to a substrate under 
the Sn-plating or providing a Cu-Sn diffusion layer and then applying Sn plating on the thus applied hard nickel-plating 

25 or the thus provided Cu-Sn diffusion layer. 

[0005] However, the above-described hard nickel plating has drawbacks of high price and poor workability. Moreo- 
ver, the proposal that the Cu-Sn diffusion layer is provided and then the Sn plating is applied thereon necessitates 
extremely complicated steps such that Sn-plating is applied on the copper or copper base alloy, heat diffusion is con- 
ducted to produce a Cu-Sn layer and Sn plating is applied again on the thus produced Cu-Sn layer. This causes a cost 

30 problem, as well as poor adhesion and workability, of the surface Sn-plating so that the proposal can not be practical. 
[0006] Namely, it has become apparent that the conventional surface treatment technique can not solve the above- 
mentioned problems. Moreover, though a technique which performs heat diffusion between the base metal and the plat- 
ing layer by the surface heat treatment has conventionally been available, the conventional technique is no more than 
preventing the separation of the surface treated layer from the substrate which can be caused by the working of the 

35 product or due to the thermal effect by causing the diffusion between the surface treated layer and the base metal. 
Thus, the conventional technique can not solve the above-described problems. 

SUMMARY OF THE INVENTION 

40 [0007] Therefore, it is an object of the present invention to solve the above<lescribed problems and to provide cop- 
per or a copper base alloy which is excellent in surface hardness, contact resistance, bending workability, adhesion and 
terminal insertion force, particularly, to provide a connector material which corresponds to a recent higher packaging 
density of electrical parts such as electrical equipment for use in automobiles or the like and other electrical parts which 
require wear resistance and corrosion resistance. 

45 [0008] The present invention has solved the above-mentioned problems and provides copper or a copper base 
alloy with a surface which has a small coefficient of friction and also an excellent electrical characteristic such as contact 
resistance, namely, it has a surface suitable, for example, for a connector or a charging socket for use in an electric auto- 
mobile. The aimed product can be produced by appropriately forming a very hard Cu-Sn system intermetallic com- 
pound (a Cu-Sn intermetallic compound layer such as CuaSn, Cu4Sn, CugSng or the like, or a compound layer having 

50 a composition such as a Cu-Sn-X or the like wherein X is an additional element contained in the copper base alloy) and 
an oxide film layer with a controlled thickness an the surface of the copper or copper base alloy by first, coating the sur- 
face thereof with Sn or a Sn alloy and then performing heat treatment. The present invention also provides a method of 
preparing the above proposed copper or copper base alloy as well as an electrical part utilizing the above proposed 
copper or copper base alloy. 

55 [0009] The present invention is a technique which has been developed based on the following findings: by positively 
forming a Cu-Sn system intermetallic compound (Cu3Sn. Cu^Sn, CusSnj or the like) which is excellent in surface hard- 
ness and contact resistance as well as an oxide film with a controlled thickness by defining a Sn film thickness to be 
applied to the base material and the conditions for heat treatment, it is possible to enhance the surface hardness of the 



2 



SNSDCCID- <E= 1 02421 2A2 ! > 



EP1 024 212 A2 



surface layer to a lave! of Hv 250 or more, preferably Hv 300 or more; i.e.. it is possible to improve the hardness of the 
surface layer to a level higher than the surface hardness of the Sn plating layer (Hv 60-120) or the hardness of the base 
material (Hv 80-250); it is possible to obtain an excellent slipping property by the presence of an oxide film with an 
appropriate thickness; and it is also possible to easily obtain contact resistance of eOmO or less. Thus, the present 

5 invention provides copper or a copper base alloy having an electrical characteristic, workability, the surface of a small 
coefficient of friction as well as excellent wear resistance suitable for use in a connector for an automobile or a charging 
socket or the like for an electric automobile. The invention also provides a method of preparing the above mentioned 
copper or copper base alloy as well as an electrical part utilizing the above mentioned copper or copper base alloy 
[001 0] According to a first aspect of the present invention, there is provided a wear resistant copper or copper base 

10 alloy having formed on the outermost surface thereof an oxide film layer having a thickness of 1 0- 1 0OOnm and also hav- 
ing a layer of an intermetallic compound primarily comprising Cu-Sn under the oxide film layer. 
[0011] According to a second aspect of the present invention, there is provided a wear resistant copper or copper 
base alloy provided with an oxide film layer having a thickness of 10-1000nm on an outermost surface thereof and an 
intermetallic compound primarily comprising Cu-Sn having a thickness of O.I-IO^im under the oxide film layer. 

15 [0012] According to a third aspect of the present invention, there is provided a method of preparing a wear resistant 
copper or copper base alloy comprising the steps of; 

coating copper or a copper base alloy with Sn; and 

performing heat treatment to thereby form an oxide film layer having a thickness of 10-1000nm on an outermost 
20 surface thereof and a layer of an intermetallic compound primarily comprising Cu-Sn under the oxide film layer. 

[001 3] According to a fourth aspect of the present invention, there is provided a method of preparing a wear resist- 
ant copper oi- copper base alloy comprising the steps of: 

25 ■ coating copper or a copper base alloy with Sn; and 

performing heat treatment to thereby form an oxide film layer having a thickness of 10-1000nm on an outermost 
surface thereof and a layer of an irrtermetaliic compound having a thickness of O.MOpim primarily comprising Cu- 
Sn under the oxide film layer. 

30 ~ [001 4] ■ According to a fifth aspect of the present invention, there is provided a method of preparing a wear resistant 
copper or copper base alloy comprising the steps of: 

coating copper or a copper base alloy with Sn; 
performing reflow treatment; and 
35 performing heat treatment to thereby form an oxide film layer having a thickness of 10-1000nm on an outermost 
surface thereof and a layer of an intermetallic compound primarily comprising Cu-Sn under the oxide film layer. 

[001 5] According to a sixth aspect of the present invention, there is provided a method of preparing a wear resistant 
copper or copper base alloy comprising the steps of: 

40 

coating copper or a copper base alloy with Sn; 
performing reflow treatment; and 

performing heat treatment to thereby form an oxide film layer having a thickness of 10-1000nm on an outermost 
surface thereof and a layer of an intermetallic compound primarily comprising Cu-Sn having a thickness of 0.1- 
45 I0|um under the oxide film layer. 

[001 6] According to a seventh aspect of the present invention, there is provided an electrical part comprising a wear 
resistant copper or copper base alloy with an oxide film layer having a thickness of 1 0-1000nm formed on an outermost 
surface thereof and a layer of an intermetallic compound primarily comprising Cu-Sn formed under the oxide film layer. 
50 [0017] According to an eighth aspect of th~e present invention, there is provided an electrical part comprising a wear 
resistant copper or copper base alloy with an oxide film layer having a thickness of 1 0-1000nm formed on an outermost 
surface thereof and a layer of an intermetallic compound primarily comprising Cu-Sn having a thickness of 0.1-10fim 
formed under the oxide film layer 

[0018] According to a ninth aspect of the present invention, there is provided an electrical part comprising a wear 
55 resistant copper or copper base alloy prepared by a method comprising the steps of: 

coating copper or.. a copper base alloy with Sn; and ^ . . . 

performing heat treatment to thereby form an oxide film layer having a thickness of 10-1000nm on an outermost 
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surface thereof and a layer of an intermetallic compound primarily comprising Cu-Sn under the oxide film layer. 

[001 9] According to a tenth aspect of the present invention, there is provided an electrical part comprising a wear 
resistant copper or copper base alloy prepared by a method comprising the steps of: 

5 

coating copper or a copper base alloy with Sn; and 

performing heat treatment to thereby form an oxide film layer having a thickness of 10-I000nm on an outermost 
surface thereof and a layer of an intermetallic compound primarily comprising Cu-Sn having a thickness of 0.1- 
lO^m under the oxide film layer. 

10 

[0020] According to an eleventh aspect of the present invention, there is provided an electrical part comprising a 
wear resistant copper or copper base alloy prepared by a method comprising the steps of: 

coating copper or a copper base alloy with Sn; 
15 performing reflow treatment; and 

performing heat treatment to thereby form an oxide film layer having a thickness of 10-1000nm on an outermost 
surface thereof and a layer of an intermetallic compound primarily comprising Cu-Sn under the oxide film layer 

[0021 ] According to a twelfth aspect of the present invention, there is provided an electrical part corfiprising a wear 
20 resistant copper or copper base alloy produced by a method comprising the steps of: 

coating copper or a copper base alloy with Sn; 
performing reflow treatment; and 

performing heat treatment to thereby form an oxide film layer having a thickness of 10-1000nm on an outermost 
25 surface thereof and a layer of an intermetallic compound primarily comprising Cu-Sn having a thickness of 0.1- 
1 0pim under the oxide film layer. 

[0022] According to a thirteenth aspect of the present invention, there is provided the wear resistant copper or cop- 
per base alloy described in the first or second aspect in which contact resistance thereof is QQmQ or less. 
30 [0023] According to a fourteenth aspect of the present invention, there is provided the method of preparing the wear 
resistant copper or copper base alloy described in the third to sixth aspects in which contact resistance thereof is SOmQ 
or less. 

[0024] According to a fifteenth aspect of the present invention, there is provided the electrical part described in the 
seventh to twelfth aspects in which contact resistance of the copper or copper base alloy is 60mn or less. 

35 [0025] According to a sixteenth aspect of the present invention, there is provided the copper or copper base alloy 
described in the first, second or thirteenth aspect in which surface hardness thereof is Hv 250 or more. 
-[0026] According to a seventeenth aspect of the present invention, there is provided the method of preparing the 
wear resistant copper or copper base alloy described in the third to sixth aspects or the fourteenth aspect in which sur- 
face hardness thereof is Hv 250 or more. 

40 [0027] According to an eighteenth aspect of the present invention, there is provided the electrical part described in 
the seventh to twelfth aspects or the fifteenth aspect, in which surface hardness thereof is Hv 250 or more. 
[0028] Other aspects and advantages of the Invention wilt become apparent from the following description, taken in 
conjunction with the accompanying drawings, illustrating by way of example the principles of the invention. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] The invention, together with objects and advantages thereof, may best be understood by reference to the fol- 
lowing description of the presently preferred embodiments together with the accompanying drawings in which:. 

50 FIG. 1 is a partial cross-sectional side view illustrating a female terminal made of a copper base alloy prepared in 
the working and comparative examples of the present invention: 

FIG. 2 is a side view illustrating a male terminal made of a copper base alloy prepared in the working and compar- 
ative examples of the present invention; and 

FIG. 3 is a graph showing the relationship between insertion time and insertion force in a combination of the female 
55 terminal of FIG. 1 and the male terminal of FIG. 2. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0030] An oxide film with a desired thickness can be formed on the surface of a Sn plating layer by first forming the 
Sn plating layer on the surface of a base material made of copper or a copper base alloy by electric plating or the like, 
secondly either performing or not performing -reflow treatment and then performing heat treatment preferably in an 
atmosphere in which oxygen content is controlled, and at the same time a layer of Cu-Sn intermetallic compound can 
be formed under the oxide film layer by causing mutual diffusion between Cu or Cu plus additional elements from the 
base material and Sn from the plating layer. 

[0031 ] If the thickness of the Sn coating formed by the electric plating or the like is less than 0. l ^m. corrosion resist- 
ance decreases. Particularly, corrosion by H2S, SO2 or NH3 gas in the presence of water will become a serious prob- 
lem. On the contrary, if the thickness of the Sn film exceeds lOum. the thickness of a diffusion layer becomes so thick 
that decrease of workability which will cause cracking or the like at the time of molding is noticed and further that a prob- 
lem of decrease of fatigue characteristic, economic disadvantage or the like is brought about. Therefore, the thickness 
of the Sn film is preferably within the range of from 0.1 to 1 0um. more preferably, from 0.3 to Siam. 
[0032] As an undercoat for the Sn coating, a plated Cu film can be formed on the base material. Cu plating or the 
like may be performed. Cu of the undercoat serves as forming a Cu-Sn system intermetallic compound and effectively 
prevents excessive diffusion of the additional element of the copper alloy 

[0033] However, if the resultant Cu undercoat becomes too thick, the diffusion layer becomes too thick thereby 
decreasing the workability. Therefore, a thickness of the Cu undercoat is preferably lO^m or less, more preferably 3^m 
or less. !f the Cu undercoat is used, materials other than the copper base alloy such as steel, iron, stainless steel, alu- 
minum alloy or the like can be used as a base metal. However, from the standpoint of characteristics or the like required 
for an electrical part, the base metal is preferably copper or a copper base alloy By forming a wear resistant layer 
according to the present invention using at least one of the above-described base metals, a metal with a contact resist- 
ance of 60mO or less which is useful for an electrical part can easily be obtained: 

[0034] Moreover, from the standpoint of strength, elasticity electrical conductivity workability, corrosion resistance 
or the like, the additional element in the copper base alloy preferably comprises at least one of the following elements 
within respective specified content ranges and is within a total content range of 0.01 -40wt%: 

Zn: 0,01-40wt%, Sn: 0.1-10wt%, Fe: 0.01-5wt%, Ni: 0.01-10wt%. 
Co: 0.01 -5wt%. Ti: 0.01 -5wt%, Mg; 0.01 -3wt%, Zr: 0.01 -3wt%. 
Ca: 0.01-1wt%, Si: 0.01-3wt%. Mn: 0.01-10wt%. Cd: 0.01-5wf/o. 
Al: 0.01-10wt%, Pb: 0,01 -5wt%. Bi: 0.01 -5wt%. Be: 0.01 -3wt%, 
Te: 0.0Mwt%, Y: 0-01-5wt%. La: 0.01-5wt%. Cr: 0.01-5wt%. 
Ce: 0.01 -5wt%, Au: 0.01 -5wt%, Ag: 0.01 -5wt%, P: 0-005-0.5wt%. 

[0035] Unless otherwise specified, all parts and percentages herein are given by weight. 

[0036] As a method of forming the Sn film, electroplating or hot-dip coating i^ economical from the standpoint of 
adhesion or uniformity of the film. However, in order to obtain a thin and uniform coating, the method of electroplating 
is most preferred. As for Sn to coat with, a Sn-Pb alloy with the Sn content of 5% or more is also effective. If the content 
of Pb exceeds 95%. however, it is difficult to obtain the desired hardness or slipping property due to Pb present in the 
surface layer after thermal diffusion. 

[0037] To perform the treatment for reflowing after the formation of Sn coating is favorable because it increases 
smoothness and uniformity of the surface which has previously undergone thermal diffusion. 

[0038] The thickness of the oxide film of the outermost surface is to be 1 0-1 OOOnm. If the thickness of the oxide film 
is less than 10nm. the slipping property decreases, cohesive friction is likely to be generated and terminal-insertion 
force increases. If the thickness of the oxide film exceeds 1 0OOnm. contact resistance increases or becomes unstable 
so that the electrical property is deteriorated. Then, a case may occur where adhesion of the oxide film decreases to 
cause a separation at succeeding processing. A more preferred thickness of the oxide film is 1 5-300nm. The oxide film 
may be any one of the compounds selected from the group consisting of tin oxides, Cu-Sn-0, Cu-Sn-X-0 and an X-0 
compound (X represents an additional element contained in the copper base alloy). There are no particular limitations 
to the proportions of any component elements. Such oxide material formed on the surface enhances the wear resist- 
ance and slipping property in cooperation with the Cu-Sn diffusion layer. Though a surface oxide layer can be formed 
on the Sn coating layer itself by heating or the like, it is difficult to obtain all of the above-described effects unless a hard 
diffusion layer exists. In a case in which the aforementioned coating is utilized in a male or female terminal of an elec- 
trical part, the coating can be applied to at least one of the male and female terminals. Moreover, the coating may be 
applied only to a necessary portion of either one or both of them. 
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ILLUSTRATIVE EMBODIMENTS 

[0039] The following exannples are given to illustrate the present invention and should not be interpreted as limiting 
it in any way. 

EXAMPLE 1 

[0040] Sample materials having a thickness of 0.25mm which comprise copper or a copper base alloy having the 
respective chemical compositions (% by weight) shown in Table 1 as base metals were prepared, coated with Sn by 
means of electroplating in a sulfuric acid bath and thereafter subjected to heat treatment so as to cause Cu-Sn diffu- 
sion. 

[0041] in the above case, sample materials having various thickness of Sn coatings were prepared and, moreover, 
some of them were subjected to reflow treatment after Sn plating processing was conducted. A temperature and time 
of heat treatment for causing the Cu-Sn diffusion were set as 250°C and 2 hours, respectively and each of the oxide 
films having various thickness was formed on the outermost surface by controlling the oxygen content in the atmos- 
phere of heat treatment. The thickness of the oxide film was measured by an analyser in accordance with AES or 
ESCA. 

[0042] The thus prepared sample materials are shown in Table 1 as sanrple numbers 1 to 7. 
[0043] Test for determining hardness, contact resistance and bending characteristics were conducted. The hard- 
ness test was conducted in accordance with the test method set forth in JIS-Z-2244. The contact resistance test was 
conducted with a low voltage and low current measuring instrument and the measurement was effected by a four-ter- 
minal method. The electric resistance was measured by changing the maximum load on the Au probe from Og to 20g. 
[0044] The measurement of bending workability was effected in accordance with the 90^ W bending test (CES-M- 
0002-6, R=:0.2mm, in the directions of both parallel and normal to the direction of rolling) and then the peeling t?jst was 
conducted by means of a tape. Thus, workability and adhesion were determined. After the bending test, the surface 
state bf the center ridge was evaluated by the following criteria: O stands for no cracking or no separation being found; 
and X stands for either or both of cracking and separation being found. 
[0045] Results obtained by the above tests are shown in Table 2. 

[0046] From the test results shown in Table 2. it is found that copper or copper base alloys of sample material num- 
bers i to 7 according to the present invention have been remarkably improved in the surface hardness and are excellent 
in contact resistance, bending workability and adhesion. Therefore, they are alloys which have excellent characteristics 
suitable for use in a connector, a charging socket or the like. 

[0047] Moreover, an alloy sample which has the same composition as that of the sample material number 6 of 
Example 1 and which has not been subjected to reflow treatment was prepared. Then, the surface roughness of the 
sample material was examined after it has been subjected to the heat treatment. The measuring result is shown in Table 
3 as sample material number 1 1 together with the result of the above-described sample material number 6. 
[0048] it is found from Table 3 that the material of sample number 6 which has been subjected to reflow treatment 
after forming Sn plating is superior in the surface roughness after thermal diffusion treatment to the material of sample 
number 1 1 which has not been subjected to reflow treatment after forming Sn plating. Therefore, it can be stated that it 
is preferred to conduct the reflow treatment after forming the Sn coating by plating. 



Table 1 



Sample Material Numbers 


Sn Film Thick- 
ness (^m) 


Presence (Yes) 
or Absence 

(No) of Reflow 
Treatment 


Oxide Film Thick- 
ness (nm) 


Base Metals (wt7o) 


Examples 


1 


1.0 


No 


290 


Oxygen-free Copper 




2 


- - 0.6 


No 


30 


Cu-30Zn 




3 


1.1 


Yes 


30 


Cu-30Zn 




4 


0.8 


Yes 


30 


Cu-2Sn-0.1Fe-0.03P 




5 


1.9 


No 


20 


Cu-1Ni-0.9Sn-0.05P 




6 


1.1 


Yes 


25 


Cu-1Ni-0.9Sn-0.05P 




7 


2.5 


Yes 


140 


Cu-2Sn-0.1Fe-0.-03P. 



EP1 024 212 A2 



Table 1 (continued) 



Sample Material Numbers 


Sn Film Thick- 
ness (urn) 


Presence (Yes) 

or Absence 
(No) of Reflow 
Treatment 


Oxide Film Thick- 
ness (nm) 


Base Metals (\A/t%) 


Comparative 
Examples 


8 


12 


No 


500 


Oxygen-free Copper 


9 


2.0 


No 


1400 


Cu-302n 


10 


0.08 


No 


120 


Cu-1Ni-0.9Sn-0,05P 



Sample Material Numbers 


Surface Vickers 
Hardness (Hv) 


Contact Resistance 
(mn) 


Bending Workability 


Adhesivity 


Examples 


1 


270 


7 


O 


o 


2 


300 


10 


o 


o 


3 


310 


8 


0 


o 


4 


290 


9 


o 


o 


5 


340 


9 


0 


o 


6 


350 


8 


0 


o 


7 


390 


10 


o 


o 


Comparative 
Examples 


8 


310 


5 


X 


o 


9 


325 


130 


o 


-X 


10 


210 


32 


o 


o 



35 

Table 3 



Sample Material Num- 
bers 


Presence (Yes) or 
Absence (No) of Reflow 
Treatment 


Surface Roughness before 
Heat Treatment (^m) . 


Surface Roughness after 
Heat Treatment (^m) 






Ra 


Rmax 


Ra 


Rmax 


6 


Yes 


0.05 


0.67 


0.07 


0-92 


11 


No 


0.07 


0.85 


0.13 


1.89 



COMPARATIVE EXAMPLE 1 

[0049] As comparative examples, sample materials of sample numbers 8 to 10 were prepared by the same 
50 processing manner as in the examples described above except that the thickness of Sn film or the thickness of the sur- 
face oxide film was outside the range specified in the present invention. Hardness, contact resistance, bending worka- 
bility and adhesion of these sample materials were evaluated. Results of the evaluation are additionally shown in Table 
2. 

[0050] As is known from the results, the sample material of sample material number 8 which has a large Sn film 
55 thickness and, therefore, is outside the range of the present invention is not suitable as a material for use in an electrical 
part. Also, the sample material of sample material number 9 whose oxide film thickness is so large as to be outside the 
range of the present invention is not suitable as a material for use in an electrical part. Moreover, the sample material 
of sample material number 10 whose Sn coating thickness is so small that it can not improve the surface hardness and 
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therefore is not suitable as a materia! for use in an electrical part. 
EXAMPLE 2 

5 [0051] A sample material of sample material number 6 in Table 4 which has been treated according to the present 
invention was press-formed to produce terminals shown in FIGS. 1 and 2, and then evaluated the material as the ter- 
minal. 

[0052] FIG. 1 shows a female terminal 1 having a spring portion 2 therein and FIG. 2 shows a male terminal 3 hav- 
ing a tab portion 4 therein. Insertion force the improvement of which is one of the objects of the alloy according to the 

10 present invention, as well as electrical characteristics were evaluated on them. 

[0053] The insertion force was measured with a load celt by inserting the male terminal shown in FIG. 2 into the 
female terminal shown in FIG. 1 made of the sample material at a speed of 10 mm/minute. Results of the measure- 
ments are shown in Table 5. Also, changes of the insertion force In accordance with the frequence of insertion are 
shown in FIG. 3, along with respective scattering ranges. 

15 [0054] Further, resistance at low voltage and low current after 10 times of insertion/extraction operations was 
measured in accordance with JIS C 5402 and the result is shown in Table 6. 



Table 4 



20 


Sample Material Numbers 


Presence of 
Heat Treatment 


Sn Film Thick- 
ness (|im) 


Oxide Film 
Thickness (nm) 


Base Materials (wt%) 




Examples 


6 


Yes 


1-1 


25 


Cu-1Ni-0.9Sn-0.05P 


25 


Comparative 
Examples 


12 


No 


1.1 


6 


Cu-1 Ni-0.9Sn-0.05P 



Table 5 



Sample Material Numbers 


Vickers Hardness (Hv) 


Frequence Of Insertion 


Insertion Force (N) 


Examples 6 


350 


First time 


2,85 


Third time 


3.11 


Tenth time 


3.28 


Comparative Examples 12 


116 


First time - 


5.35 


Third time 


5.57 


Tenth time 


5.01 



45 

Table 6 



Sample Material Numbers 


Initial Contact Resist- 
ance (mn) 


Contact Resistance (mH) 
after 10 Times of Inser- 
tion/Extraction Operations 


Examples 6 


1.8 


1.9 


Comparative Examples 12 


1.7 


1.9 



So- 
comparative EXAMPLE 2 

[0055] A comparative sample material, which is of the same base metal as the sample material of sample material 
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number 6 and which has been subjected to the same plating treatment as the previous processing but has not been 
subjected to thermal diffusion treatment, is additionally shown in Table 4 as sample material number 12. 
[0056] Insertion force and hardness of the comparative sample material of sample material number 12 were meas- 
ured in the same way as in the above-described sample material of sample material number 6 and results are addition- 

5 ally shown in Table 5, as wei! as FIG. 3. 

[0057] Moreover, resistance at low voltage and low current thereof was measured in the same way as in the above- 
described sample material of sample material number 6 and a result is additionally shown in Table 6. 
[0055] It is found from Table 5 and FIG. 3 that the insertion force of a terminal made of the material of sample mate* 
rial number 6 according to the present invention which has been Sn plated, reflowed and heat treated is decreased 

10 compared with a terminal made of the sample material of sample material number 12 which is similar to the conven- 
tional sample material; and the scattering range is also decreased. Moreover, it is found that the change of the insertion 
force with repetition of insertion/extraction operations is small and consistent so that it can be said that the hardness is 
large and the wear resistance is excellent. 

[0059] Further, it is found from Table 6 that resistance at low voltage and low current both at an initial stage and after 
15 a durability experience of the alloy according to the present invention is similar to that of the conventional alloy. 

[0060] From the above findings, the terminal which is capable of substantially decreasing the insertion force without 
increasing resistance and which has an excellent characteristic in wear resistance can be obtained with the alloy 
according to the present invention. 

20 COMPARATIVE EXAMPLE 3 

[0061] A sample material having the same composition as that of the sample material of sample material number 
6 was subjected to the same Sn coating treatment as the sample material of sample material number 6 and then the 
thus Sn-coated sample material was heated in a stream of hydrogen to prepare a comparative sample material having 
25 a Cu-Sn diffusion layer and an extremely thin oxide film formed on the surface. Insertion force of^the resultarit compar- 
ative sample material was measured in the same way as in the case of Example 2 and the result is additionally shown 
in Table 7. It is found from Table 7 that slipping property is enhanced and insertion force of the terminal is decreased by 
obtaining the oxide film thickness specified in the present invention. 

30 

Table 7 



Sample Materia! Numbers 


Oxide Film (nm) 


Insertion Force (N) 


Examples 6 


25 


2.85 


Comparative Examples 12 


7 


3.38 



[0062] While the wear resistant copper or copper base alloy, the method of preparing the wear resistant copper or 
copper base alloy and the electrical part using the wear resistant copper or copper base alloy according to the present 
40 invention have been described in the foregoing pages in detail, it should be understood that the present invention is by 
no means limited to the above embodiments and various improvements and modifications may of course be made with- 
out departing from the scope and spirit of the present invention. 

[0063] According to copper or a capper base alloy according to the present invention which has a thickness-con- 
trolled oxide film on an outermost surface thereof and a Gu-Sn system intermetallic compound under the oxide film, the 

45 copper or copper base alloy provided with a wear resistant coating having a surface with large surface hardness, an 
excellent slipping property and a small friction coefficient can be obtained. Moreover, this copper or copper base alloy 
has an excellent adhesion to the coating so that it has an excellent bending workability. Further, it has an excellent elec- 
trical characteristic such as a small contact resistance, as well as a terminal made thereof has a small insertion force. 
As a result, the copper or copper base alloy is capable of being advantageously used in a connector material which is 

50 adaptable to the recent highly integrated electric equipment for use in an automobile or the like and an electrical part in 
which the wear resistance and corrosion resistance are required. 

[0064] Moreover, it can effectively and firmly secure an electric characteristic such as contact resistance or the like, 
workability such as adhesion or the like, as well as corrosion resistance by being provided with a Gu-Sn system inter- 
metallic compound with an appropriately controlled thickness. 
55 [0065] According to the method of the present invention which performs heat treatment after forming an Sn layer, 
wear resistant copper or copper base alloy having the above-described various characteristics can effectively and eas- 
ily be produced. In addition, by performing reflow treatment and then heat treatment, the copper or copper base alloy 
having an excellent surface characteristic such as surface roughness or the like after undergoing the heat treatment can 
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effectively be obtained. 
Claims 

5 1. Wear resistant copper or a wear resistant copper base alloy having formed on the outermost surface thereof an 
oxide film layer having a thickness of 10-1000 nm and a layer of an intermetallic compound primarily comprising 
Cu-Sn under the oxide film layer. 

2. Wear resistant copper or a wear resistant copper base alloy having formed on the outermost surface thereof an 
10 oxide film layer having a thickness of 10-1000 nm and a layer of an intermetallic compound primarily comprising 

Cu-Sn having a thickness of 0.1-10 (im under the oxide film layer. 

3. The wear resistant copper or copper base alloy according to Claim 1 or 2. wherein contact resistance thereof is 
60mQ or less. 

15 

4. The copper or copper base alloy according to Claim 1 , 2 or 3, wherein surface hardness thereof is Hv 250 or more. 

5. A method of preparing wear resistant copper or a wear resistant copper base alloy comprising the steps of: 

20 coating copper or a copper base alloy with Sn; and 

performing heat treatment to thereby form an oxide film layer having a thickness of 10-1000 nm on the outer- 
most surface thereof and a layer of an intermetallic compound primarily comprising Cu-Sn under the oxide film 
layer. 

25 6. The method according to claim 5, wherein the layer of an intermetallic compound which primarily comprises Cu-Sn 
is formed to have a thickness of 0.1 to 10 ^m, 

7. The method according to claim 5 or claim 6. which comprises between the step of coating copper or a copper base 
alloy with Sn and the step of performing heat-treatment the additional step of performing reflow treatment. 

30 

8. An electrical part comprising wear resistant copper or a wear resistant copper base alloy, wherein the wear resist- 
ant copper or the wear resistant copper base alloy is as defined in any of the claims 1 to 4. 

9. An electrical part comprising wear-resistant or a wear-resistant copper base alloy wherein the wear-resistant cop- 
35 per or the wear- resistant copper base alloy has been prepared by the method according to any of the claims 5 to 7. 

40 



45 



50 



55 
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FIG. 3 
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(57) Wear resistant copper or a wear resistant cop- 
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thereof an oxide layer having a thickness of 1 0- 1 0OOnm 
and a layer of an intemnetaflic compound primarily com- 
prising Cu-Sn having a thickness of 0.1 -10am under the 
oxide film layer is provided; a method of preparing the 
above-described wear resistant copper or copper base 
alloy by coating base material copper or a copper base 
alloy with Sn, preferably perfomning reflow treatment 
and then conducting heat treatment is provided; and an 
electrical part comprising the above-described wear re- 
sistant copper or copper base alloy is provided. A ter- 



minal made of the alloy according to the present inven- 
tion which has an appropriate oxide film layer by per- 
forming heat treatment can greatly decrease a terminal- 
insertion force compared with that made of an ordinary 
copper base ailoy Which is not subjected to the heat 
treatment. The wear resistant copper or copper base al- 
loy according to the present invention has a large sur- 
face hardness, an excellent slipping property, small con- 
tact resistance, an excellent electrfcal characteristic, as 
well as the small temn in a I- insert ion force so that it can 
advantageously be used in an electrical part such as a 
connector or the like for use in an automobile, a charging 
socket or the like for use in an electric automobile. 
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